We employ conical refraction crystal for one-step conversion of an incident beam with Gaussian transverse intensity profile to a beam of Lorentzian profile with less divergence in free space than the original Gaussian beam.
Introduction
Shortly after prediction of the conical refraction (CR) phenomenon by W. R. Hamilton [1] , H. Lloyd observed the hollow light cone using a natural biaxial crystal and sunlight [2] . Modern studies refer to conical refraction as conical diffraction since its theoretical description requires the inclusion of wave effects [3] [4] [5] . The optical effects and devices based on conical refraction phenomenon are of fundamental and practical importance in the field of photonics since most of the known crystal structures are optically biaxial. Yet there are relatively few studies of the phenomenon available. Recent interest is driven by the availability of modern crystal growth, cutting and polishing technologies having advanced to a stage where producing crystals with the correct orientation is now possible [6] [7] [8] .
Here, we demonstrate a clear free space profile of Gaussian beam after its propagation along optic axis of a CR crystal. We show that after the crystal the beam twice evolves into an axial spike, also known as Raman spot, and that the profile of the Raman spot is well fitted by Lorentzian shape.
Experiments & Results
To observe the CR phenomenon one must cut an optically biaxial crystal perpendicular to one of its optic axes. The spatial evolution of an incident Gaussian beam and its transformation under the effect of CR is shown in figure 1 . Here, an expanded, linearly polarised, beam from a Helium Neon laser was brought to a focus by a lens (f =100 mm). The focal spot size was measured to be 18 µm in radius. A KGd(WO 4 ) 2 (commonly known as KGW) crystal cut for CR and of length d = 20 mm, was positioned before the focus of the incident beam so that the beam radius on the entrance facet was measured to be ~ 370 µm. Further alignment by rotating the crystal about an axis perpendicular to the plane of the optic axes results in the direct observation on a charge-coupled device (CCD) with no imaging optics of a ring pattern located at the Lloyd plane. The spatial evolution of the beam in free space was measured by recording CCD images at 2 mm intervals. The entire evolution occurred over a distance of ~ 30 mm either side of the Lloyd ring plane.
As it can be seen from figure 1, the light ring is observed at the Lloyd plane, which is also called the focal image plane [4, 5] . After the Lloyd plane the beam then progresses to a series of rings first observed by Poggendorff [9] , before evolving to an axial spike first noted by Raman [10] . Finally, the beam returns to the original profile in the far field. The Lloyd plane is also a symmetry plane [6] (figure 1). The centre of the ring in the Lloyd plane is laterally shifted by an amount, denoted here by C, which depends on the crystal length, d, and a factor representing the crystal's ability for conical refraction [3] [4] [5] [6] . The direction of this lateral shift can be defined as a property of the crystal orientation. Another feature is related to the longitudinal shift of the Lloyd plane. The longitudinal shift, denoted as Δ in figure 1 , is given by [3, 6] 
where n is the refractive index of the crystal in the propagation direction of the light beam. 
Conclusions
In summary, we present the potential for practical use of the conical refraction phenomenon in a new aspect. We observed a one-step conversion of an incident beam with Gaussian transverse intensity profile after propagation through CR crystal to a beam of Lorentzian profile with less divergence in free space than the original beam. We believe that our observations are of paramount importance in the field of photonics, especially since conical refraction has traditionally been considered as "little more than a curious optical phenomenon which had no conceivable application" [11] . CTuG3.pdf
